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Abstract – This paper described research to investigate Total Harmonic Distortion (THD) 
on a supposedly green building; Admission Building in Universitas Muhammadiyah 
Yogyakarta. Observation was done for seven days involving peak and non-peak hours 
including workdays and off days. Data sampling was recorded 24 hours with one-hour 
interval for primary parameter data including voltage, current, power factor and frequency 
on each phase in three phases system. Secondary data calculated to find voltage and 
current THD and finally to evaluate the loss of money due to power loss as the result of 
harmonic and unbalance load. Investigation indicated that the building has not met the 
IEEE 512-2014 standard for Total Harmonic Distortion. National electricity company, 
PLN (Perusahaan Listrik Negara) as Government Company, has made regulation about 
tariff and standard. Electricity tariff in Indonesia has been divided into categories based 
on user, commercial, social, or housing. Based on this tariff, loss of cost was calculated. 
Cost due to electricity loss in the building was not high since the building has good 
electricity installation as green building. Total Harmonic distortion reduction was 
recommended using single tune order 5 filter.  
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Power quality is a concept in electrical power 
system concerning the conditions of three 
parameters: frequency, voltage and current, in the 
system. Those parameters need to meet a standard 
that reveals the quality of an electrical power system. 
When the standard values of the parameter has not 
been met, they would cause disturbance in the power 
supply and could be hazardous. High quality of 
voltage and current could be seen as a smooth 
sinusoidal waveform [1]. 
Harmonics is basically an interference to the 
frequency in the power line system, that has certain 
ratio to the base frequency; one half, one third, one 
quarter and so on [2]. In short, it is the presence of 
waveform in the sinusoidal fundament waveform 
(Fig. 1 and Fig. 2) either in voltage or current 
waveform and said to be in odd order, three, five, 
seven and so on. Harmonics caused loses and 
imbalance in distribution system, transformer heat 
that will reduce the life span of the electrical device 
used [3]. Apart from that, power loss would impact 
on the high electricity tariff and cost [4] [5]. This 
research was aimed at analyzing the harmonics effect 
by the use of low energy devices in the building and 
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Fig. 2. Waveform with harmonics (lower). 
 
Harmonics occurred in voltage can be 
demonstrated using the following equation: 
 
𝑈ℎ(%) = 100 
𝑈ℎ
𝑈1
                            (1) 
         
While harmonics in current; 
 
𝑖ℎ(%) = 100 
𝐼ℎ
𝐼1
                            (2) 
         
Mostly concern about harmonics is the Total 
Harmonics Distortion (THD), concerning both 
current and voltage. THD depicts the ratio between 






                             (3) 
         
IEEE Standard Association has established 
recommendation for harmonic control in IEEE Std 
519-2014. This standard recommended several 
practices to avoid losses or to reduce interference 
between electrical devices. This standard also 
demonstrated instruments compliances, and also 




VOLTAGE DISTORTION LIMITS (SOURCE IEEE STD 519-2014) 





distortion THD (%) 
V ≤ 1.0 kV 5.0 8.0 
1 kV < V ≤ 69 kV 3.0 5.0 
69 kV < V ≤ 161 kV 1.5 2.5 






SPECIFICATIONS ADOPTED FOR THE SIMULATED INVERTER 
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒉𝒂𝒓𝒎𝒐𝒏𝒊𝒄 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒅𝒊𝒔𝒕𝒐𝒓𝒕𝒊𝒐𝒏  𝒊𝒏 𝒑𝒆𝒓𝒄𝒆𝒏𝒕 𝒐𝒇 𝑰𝑳 















< 20 4.0 % 2.0 % 1.5 % 0.6 % 0.3 % 5.0 % 
20 – 
50 
7.0 % 3.5 % 2.5 % 1.0 % 0.5 % 8.0 % 
50 - 
100 
10.0 % 4.5 % 4.0 % 1.5 % 0.7 % 12.0 % 
100 - 
1000 
12.0 % 5.5 % 5.0 % 2.0 % 1.0 % 15.0 % 
 
Electrical system classifies power into three 
categories ie; active power (P), reactive power (Q) 
and apparent power (S), while power itself is the 
product of voltage and current (Fig. 3). Using 
mathematical vector, apparent power is calculated as 




Fig. 3. Power Triangle 
 
𝑃=𝑉. 𝐼. cos𝜑 





𝜑 = phase angle (Rad/deg)  
𝑉 = Voltage (Volt)  
𝐼 = Current (Ampere) 
 
I.1. Power Factor 
Power factor (Pf) is the cosine of angle (𝜑) 
between S and P theoretically power factor can be 







𝑉 𝐼 cos φ
𝑉 𝐼
  




T.K. Hariadi, A. Jamal, N. Fadilah, F. Mujaahid 
Copyright © 2020 Universitas Muhammadiyah Yogyakarta - All rights reserved                     Journal of Electrical Technology UMY, Vol. 4, No. 2 
Indonesian State Electricity Company 
(Perusahaan Listrik Negara, PLN) has established 
power factor minimum 0.85, fine will be applied for 
any building that has power factor less than 0.85. 
Low power factor is due to inductive loads since 
current phase is 90° lag to voltage phase. Electrical 
devices that could reduce power factor, for example, 
are induction motor, ballast lamp, welding machine 
etc. [8].     
I.2. Unbalance Load 
Electrical load has to be balance in a three-phase 
system (Fig. 4) [9]. Three phase electrical system is 
said to be balance when: 
- Current and Voltage vector on each phase has the 
same magnitude; 
- Each vector of current and voltage has 120° angle. 
Whilst unbalance load happened when [10]; 
- Vector magnitude of each voltage and current are 
the same, however the angle are not 120°; 
- Each vector of current and voltage has 120° angle, 
however the magnitude are different; 





Fig. 4. Balance load vectors 
 
Unbalance loads cause the product of the vectors 
does not equal to 0, resulting in the flow of current in 
Neutral (ground) line. Average current I in unbalance 
load could be calculated as follows: 
 
𝐼 =  
𝐼𝑆+𝐼𝑅+𝐼𝑇
3
                            (4) 
         
where, 
 



















 x 100%                            (5) 
         
I.3. Unbalance Load Harmonic Effects 
There are numerous effects caused by harmonics 
either for supply side or user side. Other than damage 
or disturbance in electricity system, harmonics also 
cause significant economic effect [11]. Common 
damage or disturbance that raised due to harmonics 
is heat in transformer [12]. The heat is caused by 
Eddy current (Eddy current losses) that reduce the 
lifetime of the device [13]. The following cases are 
found due to harmonic distortion [14]: 
- Capacitor damage due to harmonic resonance 
- Heating in transformer due to harmonic and 
density flux caused by Eddy current. 
- Current flow in neutral line 
- Circuit breaker failure  
- Vibration on electrical panel caused by high 
frequency resonance 
- Harmonic cause torque resistance in KWH meter 
resulted in error measurement. 
Several researches indicated quite significant loss 
of electrical power resulted in the increase of annual 
cost [15]. An ETAP simulation was also done to 
evaluate transformer performance due to harmonic, 
indicated the decrease of transformer capacity [16]. 
Research as in [17] evaluated the relation between 
harmonic affect and economic loss and concluded 
that the cost had been increasing significantly for 
both supplier and user. A research in Australia 
indicated that the highest contribution of economic 
loss on consumer’s side was harmonic in electrical 
power system [18]. An optimization using artificial 
intelligence method was also been investigated to 
reduce loss and improve voltage profile [19]. 
II. Methodology 
Higher education institution is required to give 
action and put more effort on sustainability 
measures, this involves every sector in campus life. 
Universitas Muhammadiyah Yogyakarta recently 
built a new building for admission process. The 
building has been designed as green building 
involving water recycling process, usage of special 
tinted glass to reduce heat, low emission and low 
energy lamps and air conditioners. LED lamps and 
inverter technology for air conditioner could reduce 
energy usage significantly, however they also 
induced harmonics as a result of non-linear load [20].  
63 
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During this research, observation was done in a 
full week to measure several parameters. Primary 
data were observed and recorded within one hour 
interval for 24 hours in seven days. The parameters 
were as follow: 
- Current (RMS) 
- Voltage (RMS) 
- Total Harmonic Distortion (current) 
- Total Harmonic Distortion (voltage) 
- Frequency 
- Power Factor 
- Active power 
- Reactive power 
- Apparent power 
- Harmonic current 
- Harmonic voltage 
Whilst the following data were required as 
secondary data: 
- Electricity tariffs 
- Annual/monthly electricity cost 
- Transformer specification (in building) 
- Cable specification (in building) 
Data recorded was then calculated to depict the 
minimum and maximum fluctuation for each 
parameter, apart from that average was also 
calculated. Average date would describe the real 
condition of the system, while minimum and 
maximum indicated the behavior of the system to 
predict error and system failure. Analysis were done 
using special software on the observed primary data, 
while secondary data were used to make enhanced 
analysis and calculation. Analysis data and 
calculation would indicate the power loss, applied 
filter for XC and XL, and economic feasibility study 
for improvement investment. 
III. Result and Analysis 
Admission building was a new building intended 
as ‘GREEN BUILDING’ in Universitas 
Muhammadiyah Yogyakarta. The 2000 m2, two-
stories building was built in 2017 and was in use 
since 2018, consisted of administration room, 
offices, server and computer room, archive and exam 
rooms.  
Admission building was supplied by three phase 
distribution transformers, built in 1997. Primary 
voltage was rated 20kV with rated frequency 50hz, 
nominal current 36.08A. On the secondary side, 
output rated was 400V, nominal current 1804.22A 
and impedance 5.5%. Based on those data, short 




√3𝑥 𝑘𝑉 𝑥 𝑧%
                           (6) 
ISC = 
1250 𝑥 100 
√3𝑥 0.4 𝑥 5.5
 
ISC = 32808.4 A 
 
Then to calculate current load: 
 
                          IL = 
𝑆 
√3 𝑥 𝑉





IL = 1804.21𝐴 
 
Therefore, distortion current ratio can be 
calculated: 
 






 = 18.81                        (8) 
 
Thus, based on the distortion current ratio, 
maximum total harmonic ratio is 5.0% 
III.1. Measurement Result 
1) Frequency Measurement 
was done for 24 hours with 1-hour interval data 
from 15/03/2019 to 21/032019. Figure 4 indicated 
that highest frequency recorded (Fmax) was 
50.33Hz, lowest frequency was 49.87Hz and average 




Fig. 5. Frequency fluctuation 
 
Based on measurement, frequency was found 
within the Indonesian standard range between 49.5 
Hz to 50.5 Hz, thus no problem was found. 
 
2) Voltage Measurement 
Voltage measurement was also done in 24 hours 
with 1 hour interval. Fig. 6 indicated the highest and 
lowest voltage recorded for each phase. This was 
done to observe system failure, where voltage was 
out of standard range. Average voltage for each 
phase was recorded the same way and demonstrated 
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Fig. 7. Average Voltage 
 
Based on Fig. 6, the highest voltage for phase R 
was 231.06 V, lowest 210.54 V and average was 
219.187 V, For phase S voltage; highest 230.72 V, 
lowest 212.65 V average 221.68 V, and for phase T 
voltage; highest 230.86 V, lowest 211.86 and 
average 219.16. Voltage rating in the building was 
within standard range i.e., 198 V – 231 V. 
 
3) Current Measurement 
Current measurement was done in 24 hours with 1 




Fig. 8. Current Profile 
 
 
Fig. 9. Average Current 
 
Based on hourly data, current drop indicated 
between 15:00 – 17:00, whilst almost constant 
current rate indicated in the evening until 07:00, the 
increasing current occurred during office hour started 
rom around 08:00. Lowest current recorded was 8.74 
A, highest was 71.27 with average 24.79 A for phase 
R. Phase S current indicated lowest was 4.81A, 
highest 80.30 A and average 26.15A. Meanwhile 
phase T indicated lowest current was 3.52 A, highest 
78.09 A with average 23.80 A. Current was also 
recorded in neutral line at average of 2.34 A with 
highest recorded was 11.02 A and lowest 1.04 A. 
Ideally, current flowing through each phase 
should be the same, however measurement indicated 
different result. Average current flowing through 
phase S was the highest among others. Therefore, as 
also measured, current differences between phases 
resulted in current flow through neutral line that 
would cause power losses and reduce transformer 
lifetime. Current flowing through neutral line 
indicated system error/failure that caused power loss. 
 
4) Apparent Power Profile 





Fig. 10. Apparent Power Profile 
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Fig. 11. Average Apparent Power 
 
As the case for current measurement, constant 
apparent power measured after working hours. 
Apparent power for phase R indicated 15.18kVA at 
the highest, 1,92 at the lowest and average at 5.38 
kVA. While for phase S, highest was 17.25 kVA, 
lowest 1.06 kVA and average were 5.71k VA. For 
phase T, highest was 16.38 kVA, lowest was 0.77 
kVA and average were 5.16 kVA. Apparent power 
difference between phase R and phase S calculated 
was 0.33kVA and between phase S and phase T was 
0.56kVA. Apparent power of each phases affected 
by current and voltage in the system. 
 
5) Active Power Profile 
Profile of active power in the system demonstrated 




Fig. 12. Active Power Profile 
 
Based on hourly analysis, active power on phase S 
and T increased between 17:00 to 23:00. During 
working hours active power in each phase increased. 
Phase R highest active power indicated 14.24 kW, 
lowest 0.9 kW and average 4.89 kW. Phase S 
indicated highest active power 16.25 kW, lowest 
0.69 kW and average 5.38 kW. Phase T indicated 
highest active power 15.03 kW, lowest 0.22 kW and 
average 4.75 kW.  
 
 
Fig. 13. Average Active Power 
 
Average active power on phase S was highest 
compared to phase R and T. Active power difference 
between phase S and R was 0.49kW and between S 
and T was 0.63kW. Active power was affected by 
apparent bower and power factor. When active 
power equal to apparent power, the electrical system 
was said to be in good condition. In most cases, 
active power was always lower than apparent power 
as the result of power factor lower than 1. 
 
6) Reactive Power Profile 
Reactive power in the system demonstrated in Fig. 




Fig. 14. Reactive Power Profile 
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Based on Fig. 14 and Fig. 15, highest, lowest, and 
average reactive power on each phase were as 
follow. Phase indicated highest at 5.50kVAr, lowest 
at 0.62kVAr and average at 4.89kVAr. Phase S 
indicated highest at 5.77kVAr, lowest at 0.68kVAr 
and average at 5.05kVAr. Phase T indicated highest 
at 6.82kVAr, lowest at 0.67kVAr and average at 
6.61kVAr. 
Reactive power was affected by capacitive load, in 
this case was the capacitor bank. Capacitor bank 
itself was installed to compensate inductive load 
such as water pump, air conditioner and the likes. 
 
7) Power Factor 
Power factor (Pf) in the system indicated in Fig. 




Fig. 16. Power Factor Profile 
 
 
Fig. 17. Average Power Factor 
 
Based on daily analysis, each phase indicated 
different Pf. Highest Pf recorded for phase R was 
0.99 and lowest was 0.47, while for phase S highest 
was 0.98, lowest 0.62 and for phase T highest 0.98, 
lowest 0.52, indicated in Fig. 16. Fig. 17 indicated 
average power factor during observation for phase R 
was 0.90, phase S was 0.90 and phase T was 0.88. 
Daily measurement indicated average Pf with 
standard determined by PLN (not lower than 0.85), 
however during hourly observation Pf dropped to 
0.47 at the lowest among the phases. Lowest power 
factor was out of standard determined by PLN. Low 
Pf was due to the use of inductive loads. Low Pf also 
implied on the need of higher power supply that also 
increase power loss through distribution line. 
 
8) Voltage Total Harmonic Distortion Profile 
Highest, lowest, and average THD demonstrated 








Fig. 19. Average Voltage THD 
 
Voltage THD for each phase was different 
between phases. Lowest THD for phase R was 
3.10%, highest 7.74% with average of 5.58%. For 
phase S lowest was 2.76%, highest 7.90% with 
average of 5.62%. For phase T, lowest was 2.95%, 
highest was 7.66% with average of 5.40%. Those 
data indicated that voltage THD on electrical power 
system in the building was out of tolerance according 
to standard by IEEE 512-2014 for system less than 
69kV with maximum allowed; 5%. Voltage THD 
was due to the use of non-linear load such as LED 
lamps, AC with VRF (Variable Refrigerant Flow) 
etc.    
 
9) Current Total Harmonic Distortion Profile 
Highest, lowest, and average THD demonstrated 
in Fig. 20 and Fig. 21. 
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Fig. 21. Average Current THD 
 
Highest, lowest, and average current THD (Fig. 
20) for phase R were, 64.12%, 18.45% and 36.07% 
respectively.  For phase S, highest was 70.18%, 
lowest 20.17% and average was 48.75%. While for 
phase T highest was 88.03%, lowest was 20.73% and 
average was 46.44%. Those data indicated that 
current THD for the building was out of tolerance 
according standard by IEEE 512-2014. Current THD 
was also the result of the use of non-linear loads. 
III.2. Losses Analysis Due to Harmonic and 
Unbalance Load 
Several conditions and factors in the electrical 
system contributed to the losses in the system such 
as: 
- Cable/conductor resistance  
- Current harmonics in main distribution panel 
Resistivity of cable used in the building was 0.193 
Ohm/km with aperture 95 mm2. Distance between 
main distribution panel and transformer was 100m, 
therefore resistance of the cable was 0.0193Ohm. 
Odd order of harmonics was used to calculate loss 
on each phase and neutral. Harmonic current was 
distinguished between peak load and non-peak load 
and was sampled for minimum and maximum 




LOSSES ON PHASE R, S, T AND NEUTRAL 
Losses Condition Phase Low High 
Peak Load Loss (Watt) 
R 14.30 12.53 
S 9.88 10.88 
T 9.32 11.06 
N 0.20 0.07 
Total 33.70 34.53 
Non-Peak Load Loss 
(Watt) 
R 14.30 12.53 
S 9.88 10.88 
T 9.32 11.06 
N 0.11 0.05 
Total 33.70 34.53 
 
III.3. Cost Analysis Due to Harmonic and 
Unbalance Load 
Indonesia’s regulation considers the use of any 
building and implies to the tariff applied the user. As 
higher education institution, UMY electricity tariff 
was considered as social use, therefore the tariff is as 
follow: 
- Peak load (18:00-22:00) : Rp 1.337/kWh 
- Non-peak load (23:00-17:00) : Rp 955/kWh 
Based on data in Table III, with assumption of 24 
workdays and 4 off-days within one month, cost of 
loss can be calculated as follow: 
 
TABLE IV 
COST OF LOSS DUE TO HARMONIC AND UNBALANCE 




















83,029 446,149 529,177 10,814 7,403 18,217 
 
From Table III, total lost due to harmonic and 
unbalance can be calculated and yielded Rp 547,394. 
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III.4. Harmonic Reduction 
Measurement and calculation have indicated that 
current harmonic was out of tolerance according to 
IEEE 512-2014. Average current harmonic during 
full week measurement indicated a day with the 
highest harmonic at 46.51% on March 20, 2019. 
Therefore, current harmonic for each phase on 
measurement on this day was used to calculate filter 
for harmonic reduction. Single tuned filter can be 
used to reduce harmonic for one order only, therefore 
need to calculate the highest harmonic in each order 
as indicated in Table IV. The Table IV indicated 
highest harmonic at order5, therefore harmonic can 
be reduced using order 5 single tuned filter with 
frequency of 250Hz. 
 
TABLE V 
HARMONIC ON ORDER 3-11 





R 8.47% 30.28% 21.36% 6.55% 9.05% 
S 24.40% 31.30% 25.20% 7.29% 7.57% 
T 12.62% 37.40% 26.87% 3.97% 8.99% 
 
 
Single tuned order 5 filter specification can be 
calculated using voltage 380V, maximum current 
(order 5) 19.4 A, yielded resistance equal to 
19.58Ohm. Therefore, power rating for of the filter 
can be calculated as: 
 
P = V x I  
P = 380 x 19,4  
P = 7372 Watt 
 
Q factor (filter quality factor) can be calculated, 
assuming Q:30 (Q between 30-100). 
 
𝑋𝑙= 𝑋𝐶= 𝑋𝑛 




     𝑋𝑛 = 𝑄 𝑋 𝑅 
     𝑋𝑛 = 30 𝑋 19.58 
𝑋𝑛 =587.4 Ω 
 
Inductor calculated as follow, assuming frequency 
245Hz (max order 5 frequency 250Hz): 
 
 𝑋𝑙 =  𝜔𝑙 




L   = 
587.4 Ω
2 𝑥 3.14 𝑥 245
 
L   = 0.382 H 
 













(2 𝑥 3.14 𝑥 245)587,4 
 
C = 1.106 x 10-6 F 
 
With the above calculation, single tuned filter that 
can be used to reduce harmonic was as follow: 
- Resistance (R) : 19.58 Ω 
- Inductance (L) : 0.382 H 
- Capacitance (C) : 1.106 x 10-6 F 
- Impedance XC = XL = Xn :  587.4 Ω 
IV. Conclusion 
As a green building, Admission Building in 
Universitas Muhammadiyah Yogyakarta was 
supposed to fulfill the requirement of low and 
efficient electrical energy usage. However, 
observation and measurement involving peak and 
non-peak hours including workdays and off-days 
indicated that the building suffered from harmonic 
distortion. The highest voltage total harmonic 
distortion reached 7.90% and highest current total 
harmonic distortion reached 46.44% at the average. 
This harmonic also caused loss of cost approximately 
Rp 547,394 annually. The cost seemed to be small 
compared to the total electricity cost, but this 
calculation only involved one building with 
relatively small installed power capacity. Higher loss 
would be very significant when calculation applied 
to the entire campus area with many buildings and 
with total installed power capacity of 1,730kVA. 
Thus, the observation and measurement only 
depicting less than 5% of the campus electrical 
power system. 
Total harmonic distortion can be reduced by using 
single tuned filter with R: 19.58 Ohm, L: 0.382 H, C: 
1,106 x 10-6 F and XC: 587.4 Ohm. Comparing cost 
of filter installation and loss of cost annually, the 
investment was too high. Admission building 
indicated relatively small cost of lost since the 
building has been designed to meet the criteria of 
green building. 
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